Summary. Twenty diabetic patients, whose hyperglycaemia had been shown to fail to respond to at least one month's dietary treatment, completed a crossover study in order to: 1) compare the effectiveness of two sulphonylureas, chlorpropamide and glibenclamide, and 2) study the effects of sulphonylureas on insulin secretion and on biochemical indices of glucose intolerance. Fasting blood glucose fell on active treatment from 10.7 _-2 0.6 (mean _.+ SEM) to 6.6 + 0.7 mmol/l and rose again to 10.6 z 0.7 after 4 months placebo. A second period of 4 months sulphony/urea therapy resulted in a comparable fatl in blood glucose (to 6.9 + 0.7 mmol/1) and 'a similar relapse was seen after the second placebo period (to 10.5 ___ 0.9 mmol/i). Glucose tolerance and associated insulin secretion improved markedly on active treatment, with ketone bodies, non-esterified fatty acids, and glycerol falling to within the reference range. Sulphonylurea therapy was associated with a small but significant increase in the fasting insulin level. These effects were nearly all reversed 4 months after withdrawal of the sulphonylureas. No marked changes were found in growth hormone, lactate, pyruvate, lactate/pyruvate ratio or fasting cholesterol, trigtycerides and lipoproteins. On a weight basis, glibenclamide was 26 times more potent than chlorpropamide and, in the doses used in this study, their biochemical effects were indistinguishable. The effects of these two sulphonylureas seem most likely to be mediated by a direct stimulation of insulin secretion by the B-cell.
insulin dependent diabetes since the 1950's. Glibenclamide was introduced in 1969, as the first of the more potent sulphonylureas [2] . Despite the long history of sulphonylurea treatment, there is a surprising lack of agreement as to their mode of action, particularly with respect to their effect on insulin secretion [3] . We have therefore set out to examine the role of insulin in long-term sulphonylurea therapy, by measuring glucose tolerance and circulating plasma concentrations of hormones and a range of intermediary metabolites, known to be affected by insulin. Secondly, we wished to compare two sulphonylureas in widespread use, chlorpropamide, one of the original agents, with glibenclamide. One of the major problems in intei-preting results of earlier studies has been the simultaneous introduction ofdietary advice and the drug. In this study, we separated these effects by selecting only patients who had not had a remission in their diabetes, and who still showed marked glucose intolerance, following a period of closelysupervised dietary therapy.
Patients and Methods

Patients
Freshly-presenting, symptomatic, diabetic outpatients whose glucose tolerance had not responded satisfactorily to diet alone, were selected for inclusion in this study. All patients had been selected prior to dietary treatment on the following criteria:
1) aged 18 to 65 years, 2) not pregnant, 3) 85 to 130% desirable body weight (DBW) for height (Metropolitan Life Assurance Tables), 4) absence of any other major illness and 5) not being treated with drugs likely to affect carbohydrate or lipid metabolism (corticosteroids, monoamine oxidase inhibitors, sulphonamides and oral anticoagulants). A 5 h, 100g glucose tolerance test (OGTT) was performed at the time of presentation and patients gave their informed consent after the purpose and conduct of the study had been explained to them. Forty patients were seen by a dietician, who assessed their current carbohydrate and energy intake and advised on carbohydrate restriction. Since fats and proteins were not increased dietary regimes consisted of energy and 0012-186X/81/0020/0022/$01.80 Fig. 1. Design of the study: Patients completed at least 1 month dietary therapy without improvement in glucose tolerance before entering the study. Patients were randomly assigned to either chlorpropamide, or glibenclamide for the first of 4. four month treatment periods (Drug 1). This was followed by a placebo period APlacebo 1) and then in Drug 2 patients were treated with the sulphonylurea that they had not received in Drug 1 and the study was completed with a second placebo period (Placebo 2). Oral glucose tolerance tests were carried out at entry (I, 1), at the end of Drug 1 (2, 9 Placebo 1 (3, A), Drug 2 (4, O) and placebo 2 (5, A) carbohydrate restriction. After 4 weeks of diet treatment, each patient received a second 5 h, 100 g OGTT, provided that their DBW was 85-t15%. Patients whose DBW was above this level continued on diet alone until this weight goal had been reached, before the second OGTI" was performed. The sum of the blood glucose concentrations fasting and at 1, 2 and 3 h during the second OGT'E (SUMB.G) was calculated. Only patients whose SUMBG was >33.3 mmol/l (600 mg/100ml) qualified for entry into the study.
Design o/ the Study
The study was an open, cross-over trial of chlorpropamide and glibenclamide therapies. Patients were randomly assigned to two treatment groups (A and B), with stratification above and below SUMBG of 61.1 mmol/l (1100 rag/100 ml) ensuring equal numbers of the most severe diabetics in both groups. Group A received chlorpropamide as the first active drug (Fig. 1) , while group B received gtibenclamide. Each period of sulphonylurea treatment lasted 4 months and was followed by a 4 month period on placebo (ascorbic acid). Maintenance of dietary restrictions was advised throughout the study. OGTTs were performed at the end of each 4 month period (Fig. 1 ). During each treatment period patients were reviewed in the Diabetic Clinic at 2 weeks and at 1, 2 and 3 months. At each visit, the results of home urine tests (Clinitest, Ames), clinic post-prandial blood glucose concentrations (Dextrostix and Reflectance Meter, Ames) were used to assess diabetic control. Specific enquiry was made about any drug side-effects and other symptoms. During periods of active (sulphonylurea) treatment, the doses of chlorpropamide and glibenclamide were adjusted to achieve adequate diabetic control (postprandial blood glucose concentration between 3.9 and 8.3 mmol/l and at least 80% of fasting urine tests showing no glycosuria). The maximum daily doses were 750 mg of chlorpropamide and 30 mg of glibenclamide. The dose of placebo was altered on the same criteri a, up tb a maximum daily dose of 300 mg, as six 50 mg tablets. Loss of diabetic control was defined as two consecutive clinic post-prandial blood glucose concentrations over 13.1 mmol/l (235 mg/100 ml), or more than half of the home urine tests show-23 ing >~2% glycosuria. If this occurred during an active treatment period and the patient had been taking the maximum dose of the drug, the patient left the trial and was started on insulin. When such loss of control occurred during a placebo period, a glucose tolerance test was carried out and the patient started on the next active drug.
OGTT's
Dietary restriction was maintained until the day of each OGTT (no increase in carbohydrate intake was advised) and the last dose of drug taken on the day preceding the OGTT. All the tests were done in the morning after an overnight Fast (>11 h), the patients remaining recumbent throughout the test. A plastic cannula for blood sampling was inserted into a forearm vein under local anaesthesia and was kept patent with 0.15 mol/l sodium chloride. After two fasting blood samples (separated by 10 rain) had been taken, the patients drank 100 g glucose in 250 ml water (within 10 rain) flavoured with unsweetened lemon juice. Blood was sampled at 15, 30, 45, 60, 90, 120, 180, 240 and 300 rain after glucose ingestion. Measurements were made of: blood glucose; serum insulin (IRI) and growth hormone (hGH); blood lactate, pyruvate, 3-hydroxybutyrate, acetoacetate and glycerol; plasma non-esterfied fatty acids (NEFA). Fasting plasma cholesterol, triglyeerides and lipoproteins were measured in blood taken at 0 min.
Analytical Methods
Blood glucose was measured by an automated, glucose oxidase method [4, 5] . Serum IRI and hGH concentrations were measured by a combined, double-antibody radioimmunoassay [6] . Enzymatic methods were used to measure lactate and pyruvate [7] , 3-hydroxybutyrate, acetoacetate [8] and glycerol [9] (blood for these determinations was taken into an equal volume of cold, I tool/1 perchloric acid). Samples were either analysed bn the day of the test or were immediately deep frozen at -20~ and analysed within 1 week. In control studies no deterioration of sample Was detectable with.in.this time. NEFA [10] and trigtycerides [11] were estimated fluorimetrically in extracts of plasma. Cholesterol was measured colorimetrically [12] . Lipoprotein electrophoresis [I3] was performed on the day of the OGTT, using agarose gel; after staining with sudan black, bands were quantitated with a scanning densitometer and expressed as percentages of total lipid staining.
Statistical Analysis
Values measured throughout each OGTT were first assessed Dy 3-way analysis of variance, after transforming the data logarithmically, with patients, OGTT number and times of measurement in OGTT's as factors [14] . The main interest was in the difference between OGTI"s. There were the expected differences between patients and between times of measurement in OGTT's. Where response curves were not significantly non-parallel (there was no significant 2-way interaction between OGTr number and times in OGTT), the residual estimate of variance was used for comparisons between mean values in each OGTT. Where shapes of response curves changed after each treatment period, the simple main effect of OGTT number was assessed by 2-way analysis of variance at each time of measurement in OGTI"s. This method was also used for single measurements at each OGTT (weight, cholesterol, triglycerides and lipoproteins).
No true control group of age and sex matched nondiabetie subjects was studied. The reference ranges used are 95% confidence limits derived from the results of 100 g OGTT's performed on 24 healthy medical students and members of laboratory staff (age 28 _+ 9 years (mean + SD), range 20-59 years). These refer- One had previous glycosuria of pregnancy b Mean with range in parenthesis Differences between the two groups were not statistically significant, as assessed by 1) chi-squared test, or 2) analysis of variance ence ranges were calculated after logarithmic transformation of the original data, since significant skewness was initially present with all variables, and this was virtually eliminated by the transformation.
Results
Patients
Of 31 patients eligible for entry into the trial, one refused prior to entry and one refused to continue the trial during the first placebo treatment period. Two patients were excluded because of hypoglycaemia during the first period of sulphonylurea therapy and two patients were excluded because of loss of diabetic control during the second active treatment phase (in both cases after shortened periods of placebo treatment). Five patients were excluded because of irregular attendance for clinic review.
Twenty patients thus completed all stages of the trial. Their mean age at entry was 53 years (range 26--65), Eight patients had received chlorpropamide followed by glibenclamide (group A) and t2 glibenclamide followed by chlorpropamide (group B). The clinical findings in these two groups are shown in Table 1 . Three patients had previously been known to have diabetes and one was known to have had gestational diabetes, but all 4 had stopped treatment, including diet, and had relapsed at the time of presentation (none had received insulin treatment). Three patients admitted taking analgesic preparations (2 paracetamol, 1 soluble aspirin), one diazepam (Valium), one benzhexol (Artane, for Parkinson's disease) and one thyroxine replacement therapy for hypothyroidism due to autoimmune thyroiditis. The mean length of each study period in groups A and B are shown in Table 2 . Active treatment periods (I and II!) generally corresponded well to the design but, because of loss of diabetic control, placebo periods (II and IV) were shortened in 6 patients (to between 2 and 8 weeks). Both placebo periods were shortened in two patients and in the other 4 patients only one placebo period was shortened (2 in period II and 2 in period IV). The six patients in whom control was lost in placebo periods were all on maximal doses of sulphonylureas at the end of the previous active treatment phase.
Diet and Weight Changes
Initial dietary assessments and prescribed diets during the study are shown in Table 2 . Mean weight and %DBW (Table 2 ) increased after active drug treatment (OGTT's 2 and 4) and fell after placebo treatment (OGTT's 3 and 5). (Fig. 2) Blood glucose concentrations (both fasting and after oral glucose) fell significantly (P <0.001) after sulphonylurea treatment and rose after placebo. The blood glucose curves improved significantly after sulphonylurea administration (P <0.001), with significantly earlier peaks in mean blood glucose (P <0.01) and significantly smaller rises from fasting to peak concentrations (P <0.01), although normal glucose tolerance was not restored. Mean fasting insulin concentrations were similar to the reference mean, but values after sulphonylureas were significantly higher (P <0.05 ) than those after diet alone or with a placebo. The insulin response to oral glucose, between 0.5 and 4 h, was also significantly higher after sulphonylureas arid the shape of the insulin response curve had changed significantly (p <0.02) with a more rapid rise in plasma insulin and a higher peak insulin concentration. After each period of placebo treatment, both fasting and postglucose insulin concentrations were lower. The initial insulin response to glucose was subnormal on diet alone and placebo, but rose into the lower part of the reference range after active treatment. The average peak insulin response to glucose remained delayed even after sulphonylureas.
Glucose, Insulin and Growth Hormone
Sulphonylurea treatment had no effect on the shape of the GH curve or on GH concentrations, all of which were within the reference range.
Lactate and Pyruvate
Mean lactate and pyruvate concentrations and lactate/pyruvate ratios were within the reference Figure 1 , for further explanation, see the legend to Figure 2 and the text ranges, although peak lactate concentrations occurred at 2 h (rather than at 1 h in the reference group). There were no clear-cut trends after sulphonylurea therapy.
Ketone Bodies; Glycerol and NEFA (Figs. 3 and 4)
Mean concentrations of these two ketone bodies were elevated on diet treatment alone and diet and placebo but, unlike blood glucose, fell to within the normal range on sulphonylurea treatment. These improvements were statistically significant (P <0.001 for 3-hydroxybutyrate, and P <0.02 for acetoacetate). Relapse after withdrawal of the second active treatment was less marked than after the first. Ratios of 3-hydroxybutyrate/acetoacetate were lowest after the second period of active treatment. The patterns of change in NEFA and glycerol concentrations after diet and after sulphonylurea were the same as for the ketone bodies. The relapse in NEFA after the second placebo treatment was less than after the first and there was no relapse in blood glycerol concentrations.
Fasting Lipids
Mean lipid concentrations (cholesterol, triglycerides and Iipoproteins) were within normal limits and showed no significant changes on treatment, except for triglycerides, which showed a minor increase during the study (P <0.02). Some patients showed a double pre-/3 lipoprotein band (5 in first, third and fifth OGTT and 3 in second and fourth OGTT) but it was not consistently observed in the same patients (6 of the 24 reference subjects also showed a double pre-fl band). The prevalence in the diabetics was significantly greater 0f z = 5.7, P <0.05) than in the reference subjects, if all the data were analysed, but not if only the diabetics' first OGTT was considered.
Comparisons of Chlorpropamide and Glibenclamide
There were no significant differences in the final daily doses of each sulphonylurea in groups A and B (chlorpropamide: group A, 264 (50-500) mg/d (mean and range), group B 421 (250-750) rag/d; glibenclamide: group A, 12.5 (2.5-30) rag/d, group B 15.2 (5-30) mg/d). When the biochemical results from groups A and B were compared at each stage in the study no significant differences between the effects of the drugs in the two groups were found except for minor ones involving lactate and pyruvate. Patterns of improvement and relapse were the same in each group. This included the greater insulin response to oral glucose after the second period of sulphonylurea treatment and the less marked relapse in insulin, glycerol and NEFA after the second placebo period. In order to see if there were any demonstrable differences between the effects of the first and second generation sulphonylureas, the effects of chlorpropamide and glibenclamide were compared, irrespective of the order in which they had been given. All data from OGTT's after chlorpropamide were pooled and compared with all pooled data from OGTT's after glibenclamide. A similar comparison was made of data from OGTT's after the placebo treatment following the respective sulphonylureas. These comparisons showed no significant differences in the effects of the two drugs or any delayed effects still demonstrable after the subsequent placebo periods (Fig. 5) .
Discussion
Since the patterns of metabolic responses were the same for chlorpropamide and glibenclamide, we were able to combine the results from treatment groups A and B in order to examine the sequential effects of repeated sulphonylurea treatment and withdrawal, The principal effects of sulphonylurea therapy in these diabetic patients were: 1) lowered fasting blood glucose concentrations, 2) improved glucose tolerance, 3) increased fasting insulin, and increased insulin response to oral glucose, and 4) lowered ketone body, NEFA and glycerol concentrations and 3-hydroxybutyrate/acetoacetate ratios (these all became similar to the mean of the reference group). Most of these effects were reversed on withdrawal of the sulphonylureas, with values tending to return to those found after diet alone. The increased insulin response Figure 2 and the text in the face of lowered fasting blood glucose and smaller incremental rise in glucose probably reflects increased sensitivity of the B-cell to glucose. Although blood glucose concentrations remained abnormal on active treatment, ketone body, NEFA and glycerol concentrations, which had been relatively less abnormal than glucose after diet therapy, were returned to. normal by sulphonylureas. Sulphonylurea treatment had little or no effect on hGH, lactate, pyruvate, lactate/pyruvate ratios or fasting lipids, all of which had been within their reference ranges after diet treatment. The effects of sulphonylurea treatment on glucose tolerance and insulin secretion have been investigated by many workers. Whilst all have found improvements in glucose tolerance, the effects on insulin secretion have varied. Some authors have described, as we have, an increase in insulin concentrations after sulphonylureas [15] [16] [17] [18] [19] [20] [21] [22] although some workers have noted an initial increase followed by a decrease in plasma insulin concentrations [17, 18, 21, 23] . Other studies have found insulin to be unchanged [24] [25] [26] [27] , although transient early increases in insulin secretion were found in two of these studies [25, 27] . Some workers have described a diminished insulin response to oral glucose after sulphonylureas [28] [29] [30] . After withdrawing sulphonylureas, Barnes et al. [23] and Shenfield et al. [31] , found no relapse in stimulated insulin secretion. Elkeles and Fraser [32] although finding a fall in insulin response on withdrawal of chlorpropamide, demonstrated no improvement in insulin response on restarting therapy, despite improvement in glucose tolerance.
In most of these studies, the effects of diet, weight loss and sulphonylurea treatment have not been adequately separated, particularly relevant where studies have included obese patients. In this study, we have not only separated effects due to diet alone, by a period of previous dietary treatment [33] , but, in sequential active treatment and placebo periods, we have found successive improvements and relapses, respectively, in insulin secretion. Furthermore, these changes in insulin secretion were accompanied by appropriate reciprocal changes in glucose tolerance and concentrations of intermediarY metabolites. We undertook the measurements of intermediary metabolites: 1) since it has been suggested that these may afford a better means of assessing diabetic control than measurements of glucose alone [34] ; 2) to shed further light on the mode of action of the sulphonylureas. In our patients, these measurements gave no more information on diabetic control than did the measurements of glucose alone. Results of such measurements after sulphonylureas by other workers have been in agreement with those reported here: a fall in NEFA [35] , no change in hGH [23] [24] [25] , and no change in lactate or pyruvate [24] . Abramson and Arky [15] found sulphonylurea treatment to be accompanied by a fall in cholesterol, but their patients were obese and had been started on diet and a sulphonylurea simultaneously.
In some studies, withdrawal of sulphonylureas did not result in deterioration of glucose tolerance in all patients [31, 36] , suggesting the possibility of a con-tinuing effect of the drug after its withdrawal. Since diet treatment alone, however, had not been shown to be ineffective in these studies, it is uncertain whether the findings are due to a continuing effect of sulphonylureas or to an alteration in diet. As a group, our patients showed no evidence of a lasting effect on glucose tolerance, although 3 patients showed virtually no deterioration in blood glucose concentrations on withdrawal of sulphonylureas (despite the initial failure of diet therapy alone). NEFA and glycerol concentrations showed slight evidence of a prolonged effect, in that they did not relapse as far after the second placebo as they did after the first.
The biochemical improvements brought about by the sulphonylureas were consistent with increased insulin secretion, both basally and in response to oral glucose. These changes accorded with the known actions of insulin as a hypoglycaemic and antilipolytic hormone. Since in vitro and acnte in vivo studies in normal subjects have shown that tolbutamide stimulated insulin secretion, it was assumed that the hypoglycaemic effect of the drug in chronic diabetes was also mediated by increased insulin secretion. However some studies have shown improvement of glucose intolerance, without inereased insulin secretion [23] [24] [25] [26] [27] 31] , suggesting extra-pancreatic effects of sulphonylurea. These drugs are known to affect, in vitro, tissues other than the pancreatic B-cell [37] , although mosf of these effects have been observed at drug concentrations (1250 mmol/1) [38, 39] , greatly in excess of those found in the plasma of sulphonylurea-treated diabetics (0.2-0.7 mmol/1) [31, 40, 41] . Direct effects on the pancreas can be demonstrated in vitro by a concentration of glibenclamide as low as 2 nmol/1 [42] . In addition it is known that sulphonylureas are without effect in totally pancreatectomized animals [43] , and in insulin-dependent diabetics [44] , but it has been shown that sulphonylureas may increase insulin receptors in target tissues [45, 46] . From available evidence it seems likely that the main effect of sulphonylureas in non insulin dependent diabetes, is to increase the sensitivity of the B-cell response to changes in blood glucose concentrations. This hypothesis is supported by the relapse of both glucose tolerance and insulin secretion after withdrawal of the drugs. The absence of relapses in glycerol and NEFA concentrations after the second placebo period probably reflects the lack of relapse of basal insulin secretion then and the sensitivity of adipose tissue to insulin action [47] .
There was no evidence that, in the doses used in this study, one drug was more effective than the other for treating diabetes. This contrasts with Clarke and Campbell's [48] report showing a lower overall primary failure rate of chlorpropamide than on gliben- 29 clamide treatment, although theirs was a clinical observation, rather than a randomised cross-over study.
The relatively large doses used in our patients probably reflected the severity of their diabetes,,as witnessed by the prevalence of complications. On the basis of the mean doses of each sulphonylurea at the end of active treatment periods, we found that on a weight basis glibenclamide was 26 times more potent than chlorpropamide (46 times more potent on a molar bases). This is comparable with Clarke and Campbell's [48] estimate of a 20-fold difference in potency, favouring glibenclamide, but not with the 75-fold difference suggested by Bhatia et al. [49] .
